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Abstract
This paper investigatespossiblesolutions to the problem of urban

orthophotography.Extensivework has beencarried out to attain the best
possible results, using all the existing software in the Departmentof
GeomaticEngineering,UniversityCollegeLondon.Two of the mostprom-
ising methods,which yield the best results, are analysedfurther. New
routineswerewritten in C language,as additionsto the existingsoftware,
to allow for thespecialproblemsthat arisein urbanareas.Thefinal results
overcomethe problemof doublemapping(or occlusions)and will poten-
tially enable even greater successto be achieved.A simple accuracy
assessmentof theresultshasbeenmade.Difficultiesandcurrent limitations
are analysedand presented.
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INTRODUCTION

ORTHOPHOTOGRAPHY, which is a well-knownalternativeto line mapping,hasevolved
rapidly in recentyearsdue to developmentsin computingand technology.It has
manyadvantagesover traditionalline mappingandmanymoreapplications.Thefact
that orthophotographsare an excellentbackdropfor a GIS is a strongincentivefor
further investigation.Due to the concentrationof people in large towns, the GIS
community is being directed towards urban applications and therefore urban
orthophotographyis neededas a backdrop.Another interestingapplicationwhich
involvesurbanorthophotographyis threedimensionalcity visualization.

Orthophotographsmay be a robustsolution for rural areas,but problemsarise
whentheyareappliedto urbanareas,particularlyat largescales.Themaindifficulties
and limitations are the double mappingeffect, displacement,and concealmentof
informationby high buildings.The aimsof the projectdescribedin this paperwere
to investigatewaysto overcometheseproblemsandto assessthe degreeof success
thatcouldbeachieved.Usingexistingsoftwareat UniversityCollegeLondon(UCL),
it wasintendedthatprojectresultsshouldbebalancedin termsof accuracyandvisual
acceptance,whilst maintaininga maximumlevel of automation.

643PhotogrammetricRecord, 16(94),1999



SKARLATOS. Orthophotographproductionin urbanareas

FIG. 1. Theareaof studyon the left photograph.

Data and SoftwareAvailable

The existingsoftwareincludedPhodisST, OrthoMax,ErdasImagine,Arc/Info
andHIPS, a commandline imageprocessingpackagedevelopedin house.

Two aerial photographswere available,takenover the Bloomsburyregion of
centralLondonat 1;5500scale.This part of Londoncontainsmanyhigh buildings,
such as the British Telecommunicationstower. The area of study, unfavourably
positionedtowardstheedgeof thephotography,is 2003154m in extentandincludes
buildingswith heightsof between3m and30m (Fig. 1). Thecalibrationreportof the
camerawasavailable;thefocal lengthof thelensof thecamerausedfor photography
was153mm. The photographswerescannedat 42lm with a SharpJX-600scanner.

The ground control points (GCPs)availablewere road junctions in the area,
digitized from OrdnanceSurvey1;1250scalemaps,last revisedin the early 1950s.
Thesepoints might not havebeenthe perfect choice,but the project was initially
conceivedasa feasibility studyon orthophotographproduction.

Lester(1995)hadmanuallycollectedpointsoveranareaof 2003154m in order
to form a digital elevationmodel (DEM). The spacingof thesepointswas2m and
theywereobtainedusingtheKern (Leica)DSRanalyticalplotterat EnglishHeritage.
The DEM is shownin Fig. 2.

METHODOLOGY

Two principal methodswere usedin the project: merging and fine DEM. A
simpleaccuracyassessmentwascarriedout on the bestorthophotographfrom each
method.

644 PhotogrammetricRecord, 16(94),1999



SKARLATOS. Orthophotographproductionin urbanareas

FIG. 2. ThemanuallycollectedDEM with 2 m spacing.Theblackpixels are“void” pixels which werenot
measureddueto occlusions.

TheMerging Method

This methodwasfirst introducedby Jensenet al. (1994).Two DEMs arecreated
andthenusedto producetwo different orthophotographs.OneDEM is createdfrom
the building points(usingpointson the roof tops)andthe other from the remaining
points,calledthegroundDEM. Thereasonfor usingtwo DEMs is to compensatefor
the largealtitudedifferencesbetweenthegroundandroof top points,which produce
steepslopesin the DEM surface,resultingin an orthophotographwith manyerrors.
EachDEM is usedto producethe correspondingorthophotograph.Theoretically,in
eachorthophotographthe correspondingfeatureswill be positionedcorrectly.Hence
by usingthecorrectpartsfrom eachorthophotograph,it is possibleto createa single
correctothophotograph.Thevectorsof thebuildingsarealsorequiredfor datainput;
thesewerecollectedmanually.

TheFine DEM Method

The fine DEM method,introducedby Ecker (1992), usesa single very good
DEM which models the buildings in an optimum manner. The façades of the
buildings shouldbe as steepas possible,which can only be achievedwith a dense
DEM. It canthenbeensuredthatthebuilding façadeappearanceis minimalandequal
at mostto the DEM step.With this method,the vector informationfor the buildings
is still required,collectedmanually.

Therearetwo alternativeproceduresfor employingthe fine DEM method:one
stepandtwo step.In theonestepprocedure,densificationandthevectorinformation
areusedin a singlestepto producethefine DEM. In thetwo stepprocedure,thefirst
stepmakesthegroundDEM moredenseandthesecondstepmodelsthebuildingsby
“raising” the pointswhich are inside the building polygons.

During the fine DEM process,it waspossibleto mark the DEM pixels hidden
behind buildings where there was no information available and therefore it was
possibleto mark the correspondingpixels in the orthophotograph.
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FIG. 3.Themergedorthophotographusing3DIM. Thevectorinformationis overlaidfor accuracyassessment
andalsoindicatestheareaswhich were“cut” from thebuilding orthophotograph.

PROCEDURESAND RESULTS

Different softwarepackageswere usedat different stagesof the two methods
(for example, OrthoMax, Phodis ST and HIPS were used for orthophotograph
production;3DIM, Arc/Info, PhodisST andOrthoMaxwereusedto createDEMs).
In this paperit is not possibleto give detailsof all the work carriedout, so the most
representativeresultsfor eachmethodaredescribed.

It shouldbementionedthatbecausemultiple systemswereused,differentmodel
orientationswere madeand thereforedegradationof the overall accuracycould be
expected.For both methodsit was necessaryto collect the building vector infor-
mation,which wasachievedusingan analyticalstereoplotter(DSR with CADMAP
software).

TheMerging Method

Both the partial orthophotographsandthe correspondingDEMs wereproduced
using the 3DIM software.The .dxf file, with the closedpolygonsrepresentingthe
buildings, was employedto producea mask, which was used to add the closed
polygons with the image rooftops in the ground orthophotograph.The double
mappingeffect wasnot avoided(Fig. 3).
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FIG. 4. Theorthophotographcreatedby thefine DEM method,with 0·25m pixel size.

TheFine DEM Method

This method was implementedusing the 3DIM software which could be
customizedmore easily than other packages.Three routines were written in C
programminglanguageand introducedinto the procedure.

The first routinewasusedto filter the initial DEM for singlevoid pixels which
producedaestheticallypoor effects in the final orthophotograph.In practice, the
routinewasableto fill in evenbiggergapsof up to 8pixels,basedon thenumberand
formationof the pixels, which wereuserdefinedparameters.

The secondroutinewasusedfor densificationof the DEM. The input consisted
of DEM points,thevectorinformationandtheoutputDEM spacing.TheDEM with
increasedpoint densitywasproducedwith the following constraints:

(1) the void pixels/pointsshouldbe maintained;
(2) all points in the building polygonsshouldhavethe polygon height or the

nearestbuilding point height; and
(3) the remaininggroundpixels shouldbe assignedvaluesusingeitherbilinear

interpolationor nearestneighbourmethod(if the new pixel is next to a
building rooftopandthebilinearinterpolationis impossible,theheightvalue
shouldbe assignedfrom the nearestgroundpoint).

Thethird routinewasthe inversecameramodel,modifiedto compensatefor the
void pixels in the DEM where no information should be printed on the final
orthophotograph.The result is shownin Fig. 4.

647PhotogrammetricRecord, 16(94),1999



SKARLATOS. Orthophotographproductionin urbanareas

TABLE I. Resultsfrom checkpoints.

Left image Right image

Method R.m.s.e.X (m) R.m.s.e.Y (m) R.m.s.e.X (m) R.m.s.e.Y (m)

FineDEM 0·256 0·252 0·209 0·246
Merging 0·366 0·364 0·336 0·325

AccuracyAssessment

In orderto examineaccuracy,14 pointsweremeasuredon a digital stereoplotter
(with PhodisST) usingthesamedigital imageryandmodelorientationsasemployed
for the orthophotographproduction.Five groundpoints and eight building corners
were selectedas check points. The samepoints were then also measuredon the
orthophotographs.The resultsaregiven in Table I.

CONCLUSIONSAND DISCUSSION

At the beginningof this project, the main query concernedthe possibility of
producingorthophotographsof anurbanareasuchasthecentreof London.At theend
of the project,not only wereaestheticallygoodorthophotographsproduced,but the
occlusionareaswereautomaticallymarkedaspartof theorthophotographproduction
algorithmandthe assessmentprovedthat the final resultsaresufficiently accurateto
fulfil requirementsfor mapping.It shouldnot be hastily concludedthat all problems
of urbanorthophotographyhavebeensolved.In theauthor’sopinion,furtherresearch
shouldbe focusedon automation.

The mergingmethodis simpleandeasy.It hasbeenprovedthat the procedure
can be fully automated.The main disadvantageof this method is the manual
acquisitionof thenecessaryvectorinformation.It doesnot needa detailedDEM with
a large numberof points, in comparisonwith the fine DEM methodwhich needs
amplepoints to exactlydescribethe threedimensionalman-madeobjects.With the
mergingmethod,the necessaryvector information may be used,in addition to the
building points, for the productionof the building DEM and thereforeimprove the
accuracy.It is alsopossibleto useonly the vector information to form the building
DEM usinga TIN structureandhencereducetheacquisitiontime if DEM pointsare
beingcollectedmanually.On theotherhand,thecoarseDEMs usedmay leadto loss
of accuracyin comparisonwith the fine DEM method.If the orthophotographsare
goingto beusedasbackdropsin a GIS, thenthemergingmethodis thebettermethod
to use,sinceit is not asdemandingasthe fine DEM method.Anotherdisadvantage
of the merging method, as implementedin this project, was the difficulty of
identifying building cornersdue to the doublemappingeffect.

Thefine DEM method,asappliedin this projectwith purposewritten software,
managedto overcomethe problemsof occludedareasandto mapbuildingssuccess-
fully. It is difficult to implementbecausemanualcollection of information is time
consumingand purposewritten software is needed.However, it producesmore
accurateresultsandit is possible,with anextensionof thebasicfine DEM procedure,
to fill in missinginformation from otherorthophotographsbasedon the black areas
of theexistingorthophotograph.Thecameramodelis robustandthereforeestimation
of occludedareason every photographis possible(Amhar and Ecker, 1996). The
vector information availablecould be usedto reducemanualcollection of points.
Thedensificationprogramof theDEM canwork evenwithout pointsin thepolygons.
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A very denseDEM is neededin orderto obtaingoodresultsin termsof accuracy
and presentation.Manual collection of a very denseDEM in urban areasis not
economicalandexistingautomatedtechniqueswill producestrangeeffects.The use
of breaklinesandmanuallycollectedpointsto producea goodDEM with commercial
softwarefailed. Oneproblemwith commercialsoftwareis that the orthophotograph
algorithmcannotaccommodatevoid pixel valuesandmark the appropriateareasin
theorthophotographasocclusionareas.A furtherproblemwith suchsoftwareis that
it can only treat vector information as breaklinesand not as building rooftops.For
example,whena commercialprogramcalculatesthe heightof a new point between
a groundpoint anda “breakline” (building vector),it usesinterpolation,but this point
shouldbe assignedeither the heightof the nearestgroundpoint or the heightof the
rooftop,dependingon which sidethenewpoint is located.With thebreaklinesystem
thenewpoint is assignedanaveragevalue,which is not correct.Theprogramcreated
at UCL addressessuchproblems,which is why it managesto yield goodresults.It
shouldbe notedat this point that, accordingto Ackermann(1994), imagematching
techniquesare promisingand betteraccuraciesshouldbe expected.In the author’s
opinion, it should also be anticipatedthat a “clever” matchingalgorithm will be
developedthat canappointa void valueto DEM pointswhich do not appearin both
photographs(occlusionareas).

The assessmentof the best orthophotographsdelivered an averageerror of
0·26m. It is realisticandquite safeto examinethe mapscalebasedon the expected
accuracy,which is 0·2mm on themap.In thatcase,the r.m.s.e.of 0·26m fulfills the
requirementsof a 1;1300scalemapor orthophotomap.With bettermodelorientation
and higher photographic resolution, 1;1250 scale map requirementscould be
fulfilled. Undercertaincircumstances(appropriatefocal lengthandbetterpositionof
the test areaon the aerial photographs),even mappingat 1;1000 scalecould be
considered.

Model orientationin photogrammetryis crucial to the accuracy.Usually model
orientation,DEM creationand orthophotographyproductionare carriedout with a
singlesystem.Thereforeboth the DEM and the orthophotographsarecreatedusing
the samemodelorientationand thusbetteraccuracyshouldbe expected.

The only valid difficulty that remainsis acquiring the necessaryvector infor-
mation, which is collected manually at present.This problem is currently being
investigatedin researchinto threedimensionalcity modeling.A numberof teamsat
various universitiesare trying to achievea solution and someprogressshould be
expectedin the nearfuture (Kim andMuller, 1994).

Theorthophotographalgorithmyieldsno problemsandall theprocedurescanbe
automated.Themain limitation seemsto be theautomatedcollectionandcreationof
a satisfactoryDEM for the explicit situationof urbanareas.In the author’sopinion,
anticipationof theoccludedareasandfilling in themissinginformationfrom adjacent
photographycan be achievedquite easily; thereforepotentially all the problemsof
urbanorthophotographywill be solvedin the nearfuture.

ACKNOWLEDGMENTS

Theauthorwould like to thankProfessorI. J.Dowmanwho,assupervisorof the
project,providedguidanceto enabletheseresultsto becomefeasible.

REFERENCES

ACKERMANN, F., 1994. Digital elevation models—techniquesand application, quality standards,
development.InternationalArchivesof Photogrammetryand RemoteSensing, 30(4): 421–432.

AMHAR, F. andECKER, R., 1996.An integratedsolutionfor theproblemsof 3D man-madeobjectsin digital
orthophotos.Ibid., 31(B4): 84–89.

649PhotogrammetricRecord, 16(94),1999



SKARLATOS. Orthophotographproductionin urbanareas

ECKER, R., 1992.Digital orthophotogenerationbasedon a high-qualityDTM. ITC Journal, 1992–1:59–64.
JENSEN, J. R., COWEN, D., KAMMERER, T. and HUANG, X., 1994. GPS and softcopy photogrammetry

for large-scaledigital elevation model creation and orthophoto mapping for urban applications.
Proceedings: Mapping and remote sensing tools for the 21st century. American Society for
PhotogrammetryandRemoteSensing,Washington,D.C., August26–29.Pages169–178.

KIM, T. andMULLER, J.-P.,1994.Automatedbuilding heightextractionandbuilding detectionfrom high
resolutionaerialandspaceimagery.Proceedings4th InternationalAssociationfor PatternRecognition
internationalworkshopon machinevision applications, Kawasaki.Pages364–367.

LESTER, J., 1995. An investigation into the formation and correction of orthophotosof urban areas.
UnpublishedMSc report,University CollegeLondon.94 pages126 appendices.

Résumé

Onpasseenrevuedanscetarticle lessolutionspermettantderésoudre
le problèmedel’orthophotographieenzoneurbaine.On a fourni desefforts
intensesau Départementde Génie Géomatiquede “l’University College
London”, pour obtenir lesmeilleursrésultatspossibles,enutilisant tousles
logiciels qui y étaient disponibles.On procède à l’analyse de deux des
méthodeslesplusprometteuses,cellesqui ont fourni lesmeilleursrésultats.
On a écrit de nouveauxsous-programmesen langageC qui s’ajoutentaux
logiciels existants,et sont adaptés spécialementaux problèmesdeszones
urbaines.Lesrésultatsmontrentqu’onapufinalementsurmonterleproblème
desdédoublements(oudeslacunes)dansla cartographieetquel’on pourra
même obtenir encorede plus grandssuccès. On a pu évaluer simplement
la précision des résultats. On analyse et l’on expose les difficultés
correspondanteset les limitationsactuelles.

Zusammenfassung

In demBeitrag werdenmögliche LösungendesProblemsder Ortho-
photographiein urbanenGebietenerörtert. UmfangreicheArbeitenwurden
durchgefu¨hrt, umdiebestmo¨glichenErgebnissezuerhalten,wobeialle in der
Dept.of GeomaticEngineering,UCL vorhandeneSoftwaregenutztwurde.
ZweidermeistversprechendenVerfahren,diediebestenErgebnisselieferten,
werden weiter untersucht.Neue Programmewurden in der SpracheC
geschriebenund bilden eineErgänzungzur bestehendenSoftware,um die
speziellenProblemein Siedlungsgebietenzulösen.Die Endergebnisselösen
dasProblemderDoppelabbildung(oderAbdeckung)undwerdenmöglicher-
weisezubesserenErgebnissenführen.Für dieResultatewurdeeineeinfache
Genauigkeitsabscha¨tzungdurchgefu¨hrt. Schwierigkeitenund gegenwa¨rtige
Grenzenwerdenanalysiertundaufgezeigt.
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